Introduction
Rice (Oryza sativa l.) is cultivated either as transplanted or direct-sown crop depending on agro-climatic conditions. Direct sowing has become a popular practice in most of the rice growing countries in South east Asia, as it is more economical than the seedling transplanting method. in this cropping system fast, vigorous and synchronized seedling growth under submergence is a desirable trait not only to facilitate rapid and optimum seedling establishment, but also to increase competitive ability against weeds (24) . Seedling vigor, in general, is a trait that expresses itself as an ability of early seedlings to rapidly elongate and emerge for escaping and surviving submergence stress, and thus, to facilitate good emergence and stand establishment in field crops (3, 4) . Submergence stress significantly promotes shoot elongation in young rice seedlings (9, 14) . A study using fast shoot elongation growth as a basic parameter for screening rice cultivars under low dissolved oxygen levels suggested that faster shoot elongation was an adaptive response of water-seeded rice for acquiring oxygen (12, 20) . the trait is particularly important during direct sowing of rice seeds in paddy field (11, 23) .
Submergence stress is confounded with low oxygen stress that causes anoxia or hypoxia. it has long been known that the internal oxygen content decreases when rice plants are submerged under water, resulting in the promotion of anaerobic respiration (2, 22) . Rice possesses two alcohol dehydrogenase genes, ADH1 and ADH2, whose activities increase during submergence and lead to the production of ethanol and regeneration of nAD + (1, 5, 19, 21) . Furthermore, shoot elongation is closely correlated with the increased ADh activity in rice seedlings of both indica and japonica types (10, 15, 16) . it is also known that mRnAs encoding acetaldehyde dehydrogenase (AlDh) accumulate in rice plants under submergence stress (19) . We therefore studied gene expression profiles of ADH and ALDH at the post-germination early seedling stage under submergence using rice cultivars and lines showing contrasting levels of seedling vigor under submergence. We adopted the test tube bioassay condition that was applied to evaluate the seedling vigor based on the ability of shoot elongation for escaping submergence stress (12) .
Materials and Methods
Plant materials and bioassay conditions for evaluating seedling vigor under submergence in this study we used 3 japonica and 9 indica cultivars including two floating rice, which were all selected after a survey of rice germplasms based on their seedling vigor evaluated by the test tube bioassay (12) . 'nipponbare' was included as a high seedling vigor japonica check, 'FR13A' and 'iR42' as standard submergence tolerant and intolerant indica checks, respectively, and 'Kasalath' as a low seedling vigor indica check (12) . Four chromosome segment substitution lines (cSSls), which were selected based on their vigorous and non-vigorous seedling Briefly, rice seeds were sterilized in 1% sodium hypochlorite (naclo) solution for 10 min and rinsed with distilled water three times. they were then placed in 70-mm-diameter glass petri dishes in a dark incubator adjusted at 28 0 c for 3 days, with washing everyday before germination. ten germinating seeds per cultivar were transferred at the pigeon breast stage to a glass test tube filled with 10 cm deep distilled water. Uncovered test tubes were placed in an incubator at 28 0 c either in the dark (24hD) or in the light/dark cycle (16hl/8hD) without changing water for 5 days. Shoot lengths were measured from the base to the tip of the shoots. All experiments were repeated three times and mean separation was done by student t test.
SUBMERGENCE-INDUCED ADH AND ALDH GENE EXPRESSION IN
Gene expression profiling by RT-PCR the same set of rice cultivars and lines that were subjected to the test tube bioassay were used in the following gene expression profiling. Sterilized seeds were allowed for germination in the dark at 28 0 c for 3 days. Germinating seedlings at the pigeon breast stage were then transferred to test tubes (24hD) with 10 cm deep distilled water (dark-submerged stress) and also to normal conditions. After 5 days, seedling tissues were collected and frozen with liquid nitrogen. RnA was extracted using guianidine thiocyanate. the amount of transcripts was determined by reverse transcriptase polymerase chain reaction (RT-PCR) analysis using a first strand cDNA synthesis kit (toYoBo, osaka, Japan). total template RnA samples for the cDnA synthesis were treated with Dnasei to remove contaminating DNA. RT-PCR was performed with specific primer pairs for rice ADH1, ADH2, ALDH2a and ALDH2b genes. the primer pairs were designed and synthesized by invitro lifetech oriental (nacalai) ( Table 1) . Rt-PcR was performed using a thermal cycler, Gene Amp PcR System 9700 (Applied Biosystem). Different amplification cycles were applied to the four genes. Rice ubiquitin gene was used as an internal control.
Results and Discussion
Transcript levels of ADH and ALDH in japonica and indica rice seedlings grown under submergence stress Rice plants can change their metabolic pathways to adapt to the submerged environments under submergence stress. Since fast shoot elongation is beneficial during the postgermination early seedling stage, when seedlings experience hypoxia or anoxia under submergence, we examined the effect of submergence stress on the transcript levels of ADH and ALDH in rice seedlings. After a survey of numbers of rice cultivars, we selected 3 japonica and 9 indica including two floating rice cultivars. Post-germination seedling vigor under submergence was evaluated based on the shoot growth by adopting the test tube bioassay method (12) . Shoot lengths of these cultivars at the 5 th day of submergence are shown on Fig.  1 . A submergence-intolerant japonica check 'nipponbare' (#1) showed a much longer shoot length than a tolerant indica check 'FR13A' (#4) and intolerant 'Kasalath' (#5) and 'iR42' (#6) in the dark submergence condition. Shoot length of 'FR13A' was equivalent to the mean of indica under both dark and light/dark conditions. Mean shoot length of japonica was greater under dark submergence than that under light/dark submergence, while an opposite relation was observed in indica, suggesting that indica is more sensitive to light stimulation of shoot elongation than japonica cultivars. Two floating rice cultivars (#9 and #10) showed longer shoot lengths than the mean of indica cultivars under both dark and light/dark submergence conditions. (Fig. 2) .
By contrast, expression of the ALDH2b gene was markedly inhibited under submergence. No significant differences, however, were detected in the transcript levels between the vigorous and non-vigorous cultivars. the light/dark conditions did not affect the level of ADH1, ADH2 and ALDH2a gene expression under submergence, suggesting that expression of these genes are light independent. no differences were observed also in the transcript levels of ADH1 and ALDH2a among three vigorous japonica cultivars including 'nipponbare' and three non-vigorous indica cultivars including 'Kasalath' (Fig. 3a) .
Even between the floating and non-floating indica cultivars that showed different levels of shoot elongation no significant differences were observed (Fig. 3b) . Nipponbare backgrounds were present in the chromosomal regions carrying the ADH1 locus (on chromosome 11, 30.3 cM from the end of the short arm) and ALDH2a locus (on chromosome 2, 129.4 cM) in all of the four selected cSSls (#2, 19, 34 and 37). Despite significant differences evaluated in their seedling vigor ( Table 2) , no significant differences were observed in the transcript levels of these genes between the vigorous and non-vigorous cSSls (Fig. 4) . no differences were also found in comparison of these genetic lines with 'nipponbare' and 'Kasalath' checks. the test tube bioassay that was devised to measure the ability of fast shoot elongation under submergence is a simple, rapid and reliable method for evaluating the post-germination seedling vigor under submergence (12) . in this bioassay, 'nipponbare', a known submergence intolerant cultivar, showed rapid shoot elongation (Fig. 1) . notably, 'FR13A', which is a widely known submergence tolerant model cultivar, also showed a comparable level of shoot elongation as that of 'nipponbare' in the light/dark submergence condition. our results suggest that rapid shoot elongation at the early seedling stage under submergence is an important component acting both in 'nipponbare' and 'FR13A' and contributes to seedling vigor under submergence at the post-germination early seedling stage in rice.
When rice plants are submerged under water, the internal oxygen content decreases and that results in the promotion of anaerobic respiration (2, 22) . to study a possible involvement of alcohol fermentation and acetaldehyde oxidation in the process of regulation of the post-germination seedling vigor under submergence, we compared the levels of ADH and ALDH gene expression in the selected rice cultivars and genetic lines. in our Rt-PcR analysis, the submergence stress strongly induced mRnA accumulation of ADH1 and ADH2 genes in all the examined rice cultivars including cSSls (Fig. 2, 3 and 4) . A major function of ethanolic fermentation under submergence has been considered as means to recycle nAD + that is required for anaerobic energy production through glycolysis (6) . ADh activity, however, was not positively correlated with the depletion of carbohydrate reserves or ethanol production under submergence, suggesting that dramatic induction of ADh during submergence is critical for the timely conversion of the toxic acetaldehyde to neutral and diffusible ethanol (7) . Another possible explanation is the necessity of AtP and membrane potential under submergence, because both AtP and membrane potential that are required for the import of proteins into the mitochondria is reduced due to the lack of oxygen (8) . Further study is required to examine the role of these two functions in adaptation of rice seedlings to anoxia and hypoxia under submergence. Mitochondrial isoforms of AlDh2 are encoded by at least two gene copies in the rice nuclear genome. ALDH2a gene was expressed in various organs at much higher levels than ALDH2b in darkgrown seedlings under submergence (13, 17, 18) . our results showed that ALDH2a gene expression was comparable in both dark-grown and light/dark-grown rice seedlings under submergence (Fig. 2) . tsuji et al. (18) suggested that rice ALDH2a mRnA was accumulated during submergence in order to quickly metabolize acetaldehyde produced upon reaeration. expression of ALDH2a gene was markedly enhanced under submergence, while that of ALDH2b gene was almost completely inhibited (Fig. 2) . our results indicate that ALDH2a and ALDH2b play different roles in response to submergence stress.
it was noted, despite the marked enhancement of ADH1, ADH2 and ALDH2a gene expression under submergence, that no detectable differences in the transcript levels were observed between the rice cultivars including the floating rice cultivars (Fig. 2 and 3) , which showed contrasting levels of shoot elongation ability under submergence (Fig. 1) . no differences were observed also in the selected cSSls (Fig. 4) , which showed different levels of seedling vigor under submergence ( Table 2) . these cSSls were transgressive segregants showing either significantly longer or shorter shoot lengths than the two parents, 'nipponbare' and 'Kasalath'. According to the graphical genotypes, no Kasalath fragments but only nipponbare backgrounds are present in the positions of ADH1 and ALDH2a genes in cSSls, in support to the similarity in the expression levels of these genes between contrasting lines, and also to indicate the presence of yet unknown gene(s) that control the seedling vigor under submergence. taken together, these results suggest that the expression of ADH1, ADH2 and ALDH2a genes is not likely a major determinant of the cultivar/ genotype-specific level of seedling vigor under submergence, although it is highly responsive to submergence stress. Before making a final conclusion, a study using a set of CSSLs with 'Kasalath' fragments at the positions of these and other key genes involved in alcohol fermentation are needed.
Conclusions
transcript levels of ADH and ALDH genes were studied in rice seedlings grown under submergence stress. Dramatic induction occurred in ADH1, ADH2 and ALDH2a genes under submergence in both japonica and indica rice and also in cSSls derived from japonica-indica crosses, while ALDH2b gene expression was almost completely suppressed. No cultivar/genotype-specific differences were observed in the transcript levels induced under submergence. our results suggest that expression of these genes are strongly induced in response to submergence stress but the expression level is not likely to be the component that determines their cultivar/ genotype-specific differences in the level of seedling vigor under submergence.
